This study evaluates the antioxidant potential and free radical scavenging ability of whole grain finger millet. The crude extracts were obtained by cold maceration using 80% ethanol and methanol. Concentrated extracts were subjected to radicals of 2,2'-diphenyl-1-picrylhydrazyl hydrate (DPPH), hydrogen peroxide, nitric oxide (NO) and malondialdehyde, while the antioxidant constituents evaluated includes total phenol and flavonoid. The results revealed that whole grain finger millet contained 14.65±0.41 and 38.19±0.60 mg QUE/g sample of flavoniods, 36.46±1.09 and 67.10±1.17 mg GAE/g sample of total phenolics and 17.61±0.70 and 35.89±1.32 mg AAE/g sample of total antioxidant capacity for methanol and ethanol respectively. Ethanolic extract of whole finger millet scavenged above 50% hyrogen peroxide, NO and DPPH radicals. Hence, it terminated up to 8.97-65.16% lipid peroxidation reaction chain that may result from auto-oxidation, photo-oxidation and any other oxidation stress that may occur in plant and animal tissues. Therefore, pharmocology attention has to be given to finger millet which showed an effective antioxdants and antiradical capacities. Also, cultivation of finger millet should be encouraged by farmers.
Introduction
Finger millet (Eleusine coracana L.) is an important cereal in Nigeria; it constitute as a principal staple food for the population in this country especially the northern part of Nigeria. The estimate of production output for millet in 2008 was 9 million metric tonnes in Nigeria. 1 Nigeria was ranked second in global millet production with an average annual production of 4-9 million metric tons. 1 It possessed brick redcoloured seed coat and is generally used in form of the whole meal for preparation of traditional foods, such as Coco, Kunu, Tuwo, Madidi, Burukutu, Hura especially in Northern part of Nigeria. Finger millets are usually prepared from the whole grains, the dietary fibre, minerals, phenolics and vitamins concentrated in the seed coat form the part of the food and offer their nutritional and health benefits. 2 Finger millet contains about 5-8% protein, 1-2% ether extractives, 65-75% carbohydrates, 15-20% dietary fibre and 2.5-3.5% minerals. It has the highest calcium content among all cereals (344 mg/100 g). 3 Oxidative stress occurs in plant due to abiotic stress such as salinity, heat, cold, drought etc. and humans. Antioxidants are our first line of defence against free radical damages, and are critical for maintaining optimum health and wellbeing of plants and animals. 4 Oxygen is a highly reactive atom that is capable of becoming part of potentially damaging molecules commonly called free radicals. Free radicals are capable of attacking the healthy cells of the body, causing them to lose their structures and functions. To protect the cells, organs and systems against reactive oxygen species, animals, humans and plants have to involve in a highly sophisticated and complex antioxidant protection system. 4 Protection against all of these processes is dependent upon the adequacy of various antioxidant substances that are derived either directly or indirectly from the diet. Also, for plant to survive well in harsh environmental condition, it needs antioxidant protection system. An inadequate intake of antioxidant nutrients may compromise survival, thus compounding overall oxidative stress. Oxidative damage to DNA, proteins, lipids and other macromolecules has been implicated in the pathogenesis of a wide variety of diseases. 5 Dietary antioxidants such as Vitamin C and E are capable of neutralizing reactive oxygen species (ROS) in the aqueous phase before lipid peroxidation is initiated. Vitamin E, a major lipid-soluble antioxidant, is the most effective chainbreaking antioxidant within the cell membrane where it protects membrane fatty acids from lipid peroxidation. 6 
Materials and Methods

Plant extraction
Ten grams (10 g) of the whole grains of finger millet was grinded into powder form, and was extracted using 200 mL of 80% ethanol and methanol. Magnetic stirrer was used to accelerate the extraction process. The stock solution was concentrated in rotary evaporator under reduce pressure.
Determination of antioxidant activities
Total phenolics
Plant extract of about 0.1 mL was added to 0.9 mL of water and 0.2 mL of folin-ciocalteu's phenol reagent. The resulting mixture was voltexed. After 5 min of standing, 1.0 mL of 7% (w/w) Na 2 CO 3 solution was further added and the solution was then distilled to 2.5 mL before incubated for 90 min at room temperature. The absorbance against a negative control containing 1 mL of water in place of the sample was taken at 750 nm. The standard used was the Gallic acid at 0.1 mg/mL in order to determine Gallic acid Equivalent (GAE) of sample. 7
Total flavonoid contents
To determine flavonoids content, 0.1 mL of extracts and standard were mixed with 0.4 mL of distilled water. This was followed by addition of 0.1 mL of 5% sodium nitrite. After 5 minutes, 0.1 mL of 10% Aluminum Chloride and 0.2 mL of sodium hydroxide were added and the volume was made up to 2.5 mL with distilled water. The absorbance at 510 nm was measured against the blank. The total flavonoid content of the plant extracts were expressed as mg quercetin equivalents per gram of the plant extract is calculated as:
where: X = Total content of flavonoid compound in quercetin equivalent q= concentration of quercetin established from the standard curve V= volume of extract (mL) w= weight of the crude methanolic extract obtained.
Total antioxidant capacity
To 0.1 mL of extracts and standard solutions of ascorbic acid (20, 40, 60, 80 , 100 µg/mL), 1 mL of the reagent solution which consist of 0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate were added. Thereafter, the reacting mixture was incubated in a water bath at 95°C for 90 minutes. The mixture was then allowed to stand, cool to room temperature and the absorbance was measured at 695 nm against a blank which consisted of the reacting mixture containing distilled water in place of the extract. The antioxidant activities of the extracts were expressed as an ascorbic acid equivalent (mg AAE/g of sample). This method was based on the reduction of Molybdenum (VI) to Molybdenum (V) by the extract and the subsequent formation of a green phosphate/Molybdenum (V) complex at an acidic pH. 8 
Determination of free radical scavenging activities
2,2'-diphenyl-1-picrylhydrazyl hydrate assay
One millilitre (1 mL) of 0.3mM 2, 2-diphenyl-1-picrylhydrazyl hydrate DPPH in methanol was added to 1 mL of different concentrations (10, 5, 2.5, 1.25, 0.625, 0.3125 mg/mL) of extracts and ascorbic acid standard. The reaction mixture was mixed and incubated in the dark for 30 minutes after which the absorbance was read at 517 nm against a DPPH control containing only 1 mL methanol in place of the extract. The radical scavenging ability was determined using the stable radical DPPH (2, 2-diphenyl-1-picrylhydrazyl hydrate) as described by Brand-Williams. 9 The percentage of inhibition was calculated as follows
where A blank is the absorbance of the control and A sample is the absorbance of extracts and standard
Nitric oxide scavenging activity
The reaction mixture contained 0.1 mL of different concentrations (10, 5, 2.5, 1.25 and 0.625 mg/mL) of extracts and 0.9 mL of sodium nitroprusside (2.5 mM) in phosphate buffer saline. It was incubated under illumination for 150 minutes. After incubation, 0.5 mL of 1% sulphanilamide in 5% phosphoric acid was added and incubated in the dark for 10 minutes, followed by addition of 0.5 mL 0.1% NED (N-1-napthylethylenediamine dihydrochloride). The absorbance of the chromophore formed was measured at 546nm. Nitric oxide radical activity of the extract was carried out according to the method of Green, 10 as described by Marcocci. 11 The percentage inhibition of nitric oxide radical formation was calculated as expressed above in DPPH radical scavenging assay.
Hydrogen peroxide scavenging activity
Ethanol and Methanol extracts (100 μg/mL) was dissolved in 3.4 mL of 0.1M phosphate buffer (pH 7.6). It was further mixed with 0.6 mL of 43 mM hydrogen peroxide solution. Absorbance value was measured at 230nm of the reaction mixture after 40 minutes. BHT (100 μg/mL) was used as standard antioxidant. The percentage of scavenged hydrogen peroxide of was calculated using the following equation:
where A blank is the absorbance of the control and A sample is the absorbance of extracts and standard. incubated at room temperature for 10 minutes, followed by centrifugation at 2000 rpm for 20 minutes. One millilitre (1 mL) of supernatant was added to 0.25 mL of 0.33% TBA in 20% acetic acid. The reaction mixture was boiled at 95°C for 1 hour. The pink colour product was cool and absorbance was read at 532 nm. The extracts were estimated by the thiobarbituric acid (TBA) method which measures the malondialdehyde (MDA) reactive products according to the method of Ohkawa 12 (Extinction coefficient of MDA, ε532 = 1.53 × 105 m -1 cm -1 ).
Evaluation of lipid peroxidation
Results and Discussion
Antioxidant potential of finger millet
Phenolics acids are identified in the whole grain of finger millet. These are compound containing of phenolics ring and an organic carboxylic which help to unwaved and decolourize unpaired electrons, conferring an antioxidant property to phenolics ring. 13, 14 Whereas, total flavonoids are recognized with ability to donate electrons and stop chain reactions. 15 Whole grain finger millet contained 14.65-38.19 mg Que/g sample of flavoniods, 36.46-67.10 mg GAE/g sample of total phenolics with 17.61-35.89 mg AAE/g sample of total antioxidant capacity (Table 1) .
Ethanolic solvent extracted 61% of flavonoids, 45% of total phenolics and 51 % of total antioxidant capacity more than methanol extract (Table 1) . Thus, ethanol is more efficient in extraction of antioxidant components of finger millet than methanol. The amount of total phenolics and flavonoids present revealed the concealed medicinal importance of consuming whole grain finger millet than other cereals. It was reported that buckwheat (Fagopyrum tartaricum Gaertn.) contained 8.76-16.43 mg GAE/g dry weight sample equivalent. Nevertheless, Guo et al. (2011) claimed that buckwheat contained higher total phenolics than fruits (cranberry and appple), vegetable and other cereals (wheat, oat, rice and corn). 16 Whereas, total phenolics in ethanol extract of whole grain finger millet was 76% higher than phenolics in buckwheat. Total phenolics in whole grain rice ranged 0.23-3.87 mg GAE/g, maize 0.15- [17] [18] [19] These obviously showed that total phenolics in whole grain finger millet was not to be compare with the common whole grains cereals crops largely consume daily by people. Whereas, awareness on the cultivation of finger millet in the globe is very low and also, it was noted the consumption of finger millet were majorly associated with an indigent people.
Free radical scavenging activities of finger millet
The ethanol extract scavenged free radicals than methanol except for DPPH at 5 mg/mL which showed higher significance difference than that of ethanol extract. Ethanol extract of finger millet scavenged NO, H 2 O 2 and DPPH free radicals above 50% (Figure 1) . Interestingly, percentage inhibition of hydrogen peroxide ranges from 34.28-97.15% depending on the concentration used. Whereas, DPPH and NO free radicals ranges from 29.79-68.58% and 6.44-50.09%. Ethanol extract of whole grain finger millet was good and effective scavengers of hydrogen peroxide, nitric oxide and hydrogen atom donated from DPPH stable radical that can be produce in plant and animal under oxidation stress (Figure 1 ).
This could be associated to high amount of total phenolic present in the plant which generally function as a stabilizer of free radicals in body of organisms. Also, the percentages of inhibition of free radicals increase with an increase in concentration. Recently, H 2 O 2 has also been shown to act as a key regulator in a broad range of physiological processes such as senescence, 20 photorespiration and photosynthesis, 21 stomatal movement, 22 cell cycle, 23 and growth and development. 24 To some extent, excess H 2 O 2 accumulation can lead to oxidative stress in plants, which then triggers cell death. Excess concentrations of ROS results in oxidative damage to or the apoptotic death of cells, Development of an antioxidant defence system in plants protects them against oxidative stress damage. In variably, finger millet could stand as resistant against any abiotic stress that could lead to production of hydrogen peroxide and nitric oxide. Similarly, Hydrogen peroxide (H 2 O 2 ) plays a major role in animal as well.
Activities of whole grain finger millet on lipid peroxidation
Production of high levels of free radicals or reactive oxygen species (ROS) as result of autoxidation or photo-oxidation can inflict direct damage to lipids. This involves the oxidative degradation of lipid in both plant and animal with the production and propagation of lipids radicals from polyunsaturated fatty acids. 25, 26 Whole grain finger millet has shown a significant termination of the lipid radical chain with an average percentage inhibition that ranged from 8.97-65.16% (Figure 2 ). The effectiveness of the antioxidant capacity of the whole grain finger reduced the oxidation damage of lipid to a minimum level. Concentration of the extract showed a direct significant on the percentage of inhibition. Also, ethanol extract inhibit 80% than methanol extract.
Article
Conclusions
The study revealed that whole grain finger millet contained 14.65-38.19 mg Que/g sample of flavoniods, 36.46-67.10 mg GAE/g sample of total phenolics and 17.61-35.89 mg AAE/g sample of total antioxidant capacity with 34.28-97.15%, 29.79-68.58% and 6.44-50.09% percentage inhibition of H 2 O 2 , DPPH and NO respectively. Whole finger millet further showed termination of formation and propagation of lipid peroxidation resulted from oxidative stress of plant and animal tissues. In addition, scavenging and inhibition activities of whole grain millet were concentration dependent.
